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(54) Oldham coupling mechanism for a scroll type fluid displacement apparatus 



(57) A scroll type fluid displacement apparatus com- 
prises a housing having an inlet port and an outlet port. 
An orbiting scroll has a circular end plate (281) from 
which a spiral element extends and a pair of parallel 
grooves (281a) formed on the circular end plate. An 
Oldham coupling mechanism is disposed between the 
fixed scroll and the housing and includes a ring (230) 
and a supporting member (140) fixedly secured to the 
housing. The supporting member (140) has a pair of 
parallel grooves (140a) formed on one end surface 
thereof. The ring has a pair of first parallel key portions 
(131) and a pair of second parallel key portions (132). 
The second key portions are axially offset from the first 
key portions. The first key portions (131) engage the 
grooves (281a) of the circular end plate (281) of the 
orbiting scroll while the second key portions (132) 
engage the grooves (140a) of the supporting means. 
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Description 

BACKGROUND OF THE INVENTION 

RrtM OftEhe Invention 5 

The^esent invention relates to a scroll type fluid 
displacement apparatus, and more particularly, to an 
Oldham coupling mechanism for a scroll type refrigerant 
compressor used in an automotive air conditioning sys- 
tem. 

Description Of the Prior Art 

Oldham coupling mechanisms of scroll type fluid 
displacement apparatuses are well known in the art. For 
example, U.S. Patent No. 4,655,696 issued to Utter dis- 
closes a basic construction of an Oldham coupling of 
scroll type fluid displacement apparatus. A scroll type 
fluid displacement apparatus generally comprises two 
scroll members each having a spiral element. The scroll 
members are maintained angularly and radially offset 
so that the spiral elements interfit to form a plurality of 
line contacts between the spiral curved surfaces and 
thereby seal off and define at least one pair of fluid 
pockets. In operation, the relative orbital motion of the 
two scroll members shifts the line contact along the spi- 
ral curved surfaces and, therefore, the volume of the 
fluid pockets changes. Because the volume of the fluid 
pockets increases or decreases dependent on the 
direction of the orbital motion, the scroll type fluid dis- 
placement apparatus compresses, expands or pumps 
fluid. Oldham couplings are but one approach for pre- 
venting relative angular movement between the orbiting 
scroll and a fixed portion of the apparatus. 

One such Oldham coupling mechanism is dis- 
closed in Japan Utility Publication No. S62-66284. 
Referring to FIGS. 1 and 2, Oldham coupling mecha- 
nism comprises Oldham ring 59 having an opening 59a 
formed at the center thereof, and a fixed ring 58 fixed to 
the compressor housing. First end 59b of ring 59 slida- 
bly engages end surface 57c of orbiting scroll 57 and 
second end 59c of ring 59 slidably engages end surface 
58b of fixed ring 58. First end 59b of ring 59 is subjected 
to the compression reaction forces generated during 
operation of the compressor. The compression reaction 
forces are transmitted through end 59c of ring 59 to 
fixed ring 58. 

Boss 57a of orbiting scroll 57 is placed in opening 
59a of Oldham ring 59. The outer diameter of boss 57a 
substantially corresponds to the width of opening 59a. 
Accordingly, boss 57a may move vertically, but not hori- 
zontally, relative to Oldham ring 59. Opening 59a is 
elliptical in shape. Boss 57a moves along the ellipse as 
shown in FIG. 2. Oldham ring 59. along with boss 57a 
positioned in opening 59a, slide horizontally within end 
surface 58c of fixed ring. The combined vertical move- 
ment of boss 57a in opening 59a along with horizontal 
movement along end surface 58c describes orbital 



movement of the orbiting scroll. 

In this arrangement, first and second ends 59b and 
59c of Oldham ring 59 support thrust loads caused by 
the compression reaction forces of orbiting scroll 57, 
since the thickness of Oldham ring 59 is greater than 
the combined depth of wall 57b of orbiting scroll 57 and 
wall 58b of fixed ring 58. Accordingly, the first and sec- 
ond ends 59b, 59c must be designed with sufficient sur- 
face area to sustain the thrust loads without seizure. 
w Such design criteria, however, inevitably increase the 
size and weight of the Oldham coupling. Furthermore, 
the movement of the orbiting scroll imparts an inertia 
force on the Oldham ring 59, resulting in vibration of 
Oldham ring 59. The magnitude of vibration increases in 
15 proportion to the weight of the Oldham ring 59. Conse- 
quently, competing design criteria, i.e., size of Oldham 
ring to sustain thrust load vs. increased vibration, often 
dictate a less than desirable compromise. 

On the other hand, if the thickness of Oldham ring 
20 59 is less than the combined depth of wail 57b of orbit- 
ing scroll 57 and wall 58b of fixed ring 58, fixed ring 58 
' ends up supporting the thrust load as surface 58a of 
fixed ring 58 slidably contacts axial end surface 57d of 
orbiting scroll 57. This contacting area, however, is 
25 extremely small, and as a result is thus subject to sei- 
zure as well. 

Furthermore, the axial end surface 58c of fixed ring 
58 is formed by an expensive lathing manufacturing 
process. 

30 

SI IMMARY OF THE INVENTION 

It is an object of the present invention to provide an 
Oldham coupling mechanism which has a large sup- 
35 porting surface capable of dispersing the thrust load 
caused by the compression reaction force. 

It is another object of this invention to provide a fluid 
displacement apparatus which has a lighter Oldham 
coupling mechanism. 
40 ft is another object of this invention to provide a fluid 
displacement apparatus which operates with less noise 
and vibration during high speed operation. 

In order to obtain the above objects a scroll type 
fluid displacement apparatus includes a housing having 
45 an inlet port and an outlet port. A fixed scroll is fixedly 
disposed within the housing and has a circular end plate 
from which a first spiral element extends. An orbiting 
scroll has a circular end plate from which a second spi- 
ral element extends. The first and second spiral ele- 
so ments interfit at an angular and radial offset to make a 
plurality of line contacts to define at least one pair of 
fluid pockets within the interior of the housing. A pair of 
parallel first grooves are formed on the circular end 
plate. 

55 A driving mechanism is operatively connected to 
the orbiting scroll to effect orbital motion of the orbiting 
scroll. An Oldham coupling mechanism is disposed 
between the fixed scroll and the orbiting scroll for pre- 
venting rotation of the orbiting scroll during orbital 
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motion. The Oldham coupling mechanism comprises a 
supporting member disposed in the housing so as to 
face the circular end plate of the orbiting scroll. The sup- 
porting member has a pair of parallel grooves formed on 
one axial end surface thereof. A ring has a pair of paral- 
lel first key portions and a pair of parallel second key 
portions extending from first ends of the first key por- 
tions. The second key' portions are axially offset from 
the first key portions. The ring is coupled to the support- 
ing member so that the first key portions engage the 
grooves of the circular end plate of the orbiting scroll 
and the second key portions engage the grooves of the 
supporting means. 

Other objects, features and advantages will be 
apparent to persons of ordinary skill in .the art in view of 
the following detailed description of the invention and 
the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view of an Oldham coupling 
mechanism in accordance with the prior art. 

FIG. 2 is a plan view of an Oldham ring of an Old- 
ham coupling mechanism of FIG. 1 . 

FIG. 3 is a longitudinal cross sectional view of a 
scroll type refrigerant compressor in accordance with a 
first preferred embodiment of the present invention. 

FIG. 4 is an isometric view of the Oldham ring of 
FIG. 3. 

FIG. 5 is a plan view of an orbiting scroll of the scroll 
type refrigerant compressor in accordance with the first 
preferred embodiment. 

FIG. 6 is a side view of the orbiting scroll of the 
scrolLtype refrigerant compressor in accordance with 
the first preferred embodiment. 

FIG. 7 is a plan view of an Oldham ring of the scroll 
type refrigerant compressor in accordance with the first 
preferred embodiment. 

FIG. 8 is a side view of the Oldham ring of the scroll 
type refrigerant compressor in accordance with the first 
preferred embodiment. 

FIG. 9 is a schematic view illustrating the relative 
movement of an Oldham ring while it prevents the rota- 
tion of the orbiting scroll in accordance with the first pre- 
ferred embodiment. 

FIG. 10 is an isometric view of an Oldham ring 
according to a second preferred embodiment. 

FIGS. 11-13 are schematic views illustrating the rel- 
ative movement of the Oldham ring while preventing the 
rotation of the orbiting scroll in accordance with the sec- 
ond preferred embodiment. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

With reference to FIG. 3, the relevant portions of 
the fluid displacement apparatus, such as a scroll type 
refrigerant compressor, in accordance with a first pre- 
ferred embodiment of the present invention are 



depicted. For purposes of explanation only, the left side 
of FIG. 3 will be referenced as the forward end of front 
of the compressor, and the right side will be referenced 
as the rearward end or rear of the compressor. 

5 A scroll type compressor includes a compressor 
housing 10 having a front end plate 11 mounted on a 
cup-shaped casing 12. An opening 1 1 1 is formed in the 
center of front end plate 1 1 , through which a drive shaft 
13 passes. Annular projection 112 is formed in a rear 

10 end surface of front end plate 11. Annular projection 
112 faces cup-shaped casing 12 and is concentric with 
opening ill. An outer peripheral surface of annular 
projection 1 12 extends into an inner wall of the opening 
of cup-shaped casing 12 so that the opening of cup- 

75 shaped casing 12 is covered by front end plate 11.0- 
ring 14 is placed between the outer peripheral surface 
of annular projection 112 and the inner wail of the open- 
ing of cup-shaped casing 12 to seal the mating surfaces 
therebetween. 

20 Annular sleeve 1 5 projects from the front end sur- 
face of front end plate 11 to surround drive shaft 13. 
Annular sleeve 15 defines a shaft seal cavity 21 . Sleeve 
15 is formed separately from end plate 1 1 , and is fixed 
to the front end surface of front end plate 1 1 by screws 

25 (not shown). O-ring 16 is positioned between the end 
surface of sleeve 15 and front end plate 11. Alterna- 
tively, sleeve 15 may be formed integral with end plate 
11. 

Drive shaft 13 is rotatably supported by sleeve 15 
3d through bearing 18. Drive shaft 13 has disk 19 at its 
inner end. Disk 19 is rotatably supported by front end 
plate 1 1 through bearing 20. 

A pulley 22 is rotatably supported by bearing 23 
placed on the outer surface of sleeve 15. Electromag- 
35 netic coil 24 is fixed about the outer surface of sleeve 15 
by support plate 25 and is received in an annular cavity 
of pulley 22. Armature plate 26 is elastically supported 
on the end of drive shaft 13. Pulley 22, magnetic coil 24 
and armature plate 26 form a magnetic clutch. Drive 
40 shaft 13 is driven by an external power source, for 
example, the engine of an automobile, through the mag- 
netic clutch. 

Cup-shaped casing 1 2 houses fixed scroll 27, orbit- 
ing scroll 28, driving mechanism for orbiting scroll 28 

45 and rotation preventing/thrust bearing device 200 for 
orbiting scroll 28. Fixed scroll 27 includes circular end 
plate 271, wrap or spiral element 272 affixed to or 
extending from one end surface of end plate 271 and 
internal threaded bosses 273 axially projecting from the 

so other end surface of end plate 271 . An axial end surface 
of each boss 273 is sealed on the inner end surface of 
bottom plate portion 121 of cup-shaped casing 12 and 
fixed by screws 37 to bosses 273. Circular end plate 
271 of fixed scroll 278 partitions the inner chamber of 

55 cup-shaped casing 12 into front chamber 29 and rear 
chamber 30. Seal ring 31 is disposed in circumferential 
groove of circular end plate 271 to form a seal between 
the inner wall of cup-shaped casing 12 and the outer 
surface of circular end plate 271. Spiral element 272 of 



3 



BNSDOCID: <EP 0797003A1 J_> 



EP 0 797 003 A1 



fixed scroll 27 is positioned within front chamber 29. 

Cup-shaped casing 12 has a fluid inlet port 36 and 
a fluid outlet port 39, which are connected to rear and 
front chambers 29 and 30, respectively. A hole or dis- 
charge port 274 is formed through circular end plate 
271 at a position near the center of spiral element 272. 
A reed valve 38 closes discharge port 274. 

Orbiting scroll 28, which is located in front chamber 
29, includes circular end plate 281 . Spiral elements 272 
and 282 interfit at an angular offset of 180° and at a pre- 
determined radial offset. Spiral elements 272 and 282 
define at least one pair of sealed off fluid pockets 
between their interfitting surfaces. Orbiting scroll 28 is 
supported by bushing 33 through bearing 34 placed 
between bushing 33 and annular boss 282 axial project- 
ing from the end surface of circular end plate 281 . Bush- 
ing 33 is connected to an inner end of disk 19 at a point 
radially offset or eccentric to the axis of drive shaft 13. 

Referring to FIGS. 3 and 4, rotation of orbiting scroll 
28 is prevented by an Oldham coupling mechanism 
200. Oldham coupling mechanism 200 comprises Old- 
ham annular plate 1 40 secured to front end plate 1 1 by 
a plurality of pins 145 and Oldham ring 130 disposed 
between Oldham annular plate 140 and orbiting scroll 
28. Oldham ring 130 includes a pair of first parallel rod 
portions 131 and a pair of second parallel rod portions 
132. First rod portions 131 are axially offset from sec- 
ond rod portions 132. First rod portions 131 and second 
rod portions 132 collectively form a quadriiaterial 
shaped ring, or alternatively may form a parallelogram- 
shaped ring. Oldham ring 130 is preferably made from 
sintered metal or die cast aluminum. 

Referring to FIGS. 5, 6, 7 and 8, circular end plate 
281 (FIGS. 5 and 6) preferably includes a pair of parallel 
grooves 281a formed on opposite sides of boss 283 and 
extending to the edges of circular end plate 281 . Old- 
ham annular plate 140 (FIGS. 7 and 8) includes an 
opening 141 formed at the center thereof, a plurality of 
holes 140a formed around opening 141 at equal inter- 
vals and a pair of parallel grooves 140a formed on 
opposite sides of opening 141. First rod portions 131 
are slidably inserted into grooves 1 40a of Oldham annu- 
lar plate 140 and second rod portions 132 are slidably 
inserted into grooves 281a of orbiting scroll 28. 

Referring again to FIGS. 4 and 5, length A of sec- 
ond rod portions 132 is preferably equal to or less than 
length I (FIG. 5) of groove 281a. Length A of second rod 
portions 132 is preferably greater than length B of first 
rod portions 131 so that annular boss 283 of orbiting 
scroll 28 may move within Oldham ring 130 while 
describing an elliptical path. 

The thickness H (FIG. 4) of second rod portion of 
Oldham ring 1 30 is preferably the same as or smaller 
than the depth L (FIG. 6) of groove 281a of circular end 
plate 281 . Likewise, the thickness G (FIG. 4) of first rod 
portion 131 of Oldham ring 130 is preferably the same 
as or smaller than the depth P (FIG. 8) of groove 140a 
of Oldham annular plate 140. 

Furthermore, the distance D (FIG. 4), which is 



defined between second rod portions 132, is substan- 
tially identical to the distance J (FIG. 5), which is defined 
between the pair of grooves 281a of circular end plate 
281 . The width K (FIG.5) of grooves 281b is preferably 

5 greater than the width F (FIG. 4) of second rod portions 
132 so as to radial-outwardly form a gap S as shown in 
FIG. 9. The distance C (FIG. 4), which is defined 
between first rod portions 131 , is substantially the same 
as distance M (FIG. 7), which is defined between 

io grooves 140a. The width N (FIG. 7) of groove 140a is 
preferably greater than the width E (FIG. 4) of first rod 
portion 131 so as to radially form gap S as shown in 
FIG. 9. 

Therefore, the inner surfaces 131a of first rod por- 
15 tion 131 slidably contact inner wall 140d, which has an 
area greater than that of outer wall 140e. Likewise, inner 
surfaces 132a of second rod portion 132 slidably con- 
tact inner wall 281 c, which has an area greater than that 
of outer wall 281 d of groove 281 a. 
20 According to these dimensions, Oldham annular 
plate 140 substantially entirely supports the axial thrust 
load of orbiting scroll 28. Since the contracting surfaces 
between end surface 140b of Oldham annular plate 140 
and end surface 281 a of circular end plate 281 of orbit- 
25 ing scroll 28 is larger than that of first or second surface 
59b and 59c of Oldham ring 59 in FIGS. 1 and 2 of the 
prior art, the Oldham coupling mechanism 200 of the 
preferred embodiment decreases the possibility of sei- 
zure. 

30 Oldham coupling mechanism 200 functions as the 
rotation preventing device for orbiting scroll 28. Fluid 
from an external fluid circuit, such as an evaporator of a 
refrigerant circuit (not shown), is introduced into fluid 
pockets formed between spiral elements 272 and 282. 

35 When orbiting scroll 28 orbits, the fluid in the fluid pock- 
ets moves to the center of the spiral elements 272 and 
282 and is compressed. The compressed fluid from the 
fluid pockets is discharged to discharge hole 274. The 
compressed fluid then is discharged to the external fluid 

40 circuit through outlet port 39. 

Referring to FIG. 10, a second preferred embodi- 
ment is depicted. Elements similar to those of the first 
preferred embodiment are designated with similar refer- 
ence numerals and the discussion will be reserved pri- 

45 marily for the differences between the first and second 
embodiments. In the second embodiment, Oldham ring 
230 is slightly modified to include beveling 133 at the 
outer corners thereof. 

Referring to FIGS. 1 1 , 12 and 13 in conjunction with 

so FIG. 10, operation of the second preferred embodiment 
is depicted. The center of orbiting scroll 28 moves 
around the center point O of the fixed scroll 27. The rel- 
ative positions of fixed scroll 27 and orbiting scroll 28 at 
orbiting angles of 0°, 45° and 90° are indicated in FIGS. 

55 11, 12 and 13, respectively. At those times, wall sur- 
faces 131a (FIG. 10) of first rod portion 131 slide along 
inside walls of grooves 140a. Oldham plate 140, which 
is stationarily coupled to the front end plate, prevents 
Oldham ring 130 as well as orbiting scroll 28 from rotat- 
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ing. At the same time, the inner wall surfaces 132a (FIG. 
10) of second rod portions 132 slide along the inside 
walls of grooves 281a so that second rod portions are 
subjected to rotational forces from orbiting scroll 28. 

Substantially the same advantages are obtained in 
the first and second embodiments. Furthermore, bevel- 
ing 133 allows for the decrease in the diameter of cup- 
shaped casing 12 since the largest outer dimension of 
Oldham ring 230 (FIG. 10) is smaller than that of Old- 
ham ring 130 in FIG. 4. 

Furthermore, the weight of Oldham ring 230 (FIG. 
10) is less than the weight of Oldham ring 1 30 of FIG. 4, 
which can lead to a commensurate reduction in noise 
and vibration of the compressor as described with refer- 
ence to the prior art. 

This invention has been described in connection 
with the preferred embodiments, but these embodi- 
ments are merely for example only, and the invention 
should not be interpreted as limited thereto. It will be 
apparent to those skilled in the art that other variations 
or modifications can be made within the scope of the 
invention as defined by the appended claims. Thus, 
while the preferred embodiment illustrate the invention 
in scroll type displacement apparatus, the invention can 
be used in any other high pressure type fluid displace- 
ment apparatuses. 

Claims 

1 . A scroll type fluid displacement apparatus compris- 
ing: 

a housing having an inlet port and an outlet 
- port; 

a fixed scroll fixedly disposed within said hous- 
ing and having a circular end plate from which 
a first spiral element extends into the interior of 
said housing; 

an orbiting scroll having a circular end plate 
from which a second spiral element extends, 
said first and second spiral elements interfiling 
at an angular and radial offset to make a plural- 
ity of line contacts to define at least one pair of 
fluid pockets within the interior of said housing, 
said orbiting scroll having a pair of parallel first 
grooves formed on said circular end plate; 
a driving mechanism operatively connected to 
said orbiting scroll to effect orbital motion of 
said orbiting scroll; and 

an Oldham coupling mechanism coupled to 
said orbiting scroll for preventing rotation of 
said orbiting scroll during orbital motion, said 
Oldham coupling comprising: 

a supporting means disposed in said hous- 
ing so as to face said circular end plate of 
said orbiting scroll, said supporting means 
having a pair of parallel second grooves 
formed on one end surface thereof; and 



a ring having a pair of first parallel key por- 
tions and a pair of second parallel key por- 
tions connected to ends of said first key 
portions, said second key portions axially 
5 offset from said first key portions, said first 

key portions engaging said pair of first 
grooves of said circular end plate, said 
second key portions engaging said pair of 
second grooves of said supporting means. 

2. The fluid displacement apparatus of claim 1, 
wherein the depth of said first grooves of said circu- 
lar end plate is greater than the thickness of said 
first key portions of said ring, and the depth of said 

is second grooves of said supporting means if greater 
than the thickness of said second key portions of 
said ring, said end surface of said supporting 
means directly contacting said circular end plate of 
said orbiting scroll. 

20 

3. The fluid displacement apparatus of claim 1 or 2, 
said ring comprising a parallelogram shape wherein 
the length of said first key portions of said ring is 
greater than the length of said second key portions 

25 of said ring. 

4. The fluid displacement apparatus of one of claims 1 
to 3, wherein said ring includes beveling formed at 
each corner thereof. 

30 

5. The fluid displacement apparatus of one of claims 1 
to 4, wherein the width of said first grooves of said 
circular end plate of said orbiting scroll is greater 
than the width of said first key portions of said ring, 

35 and the width of said second grooves of said end 
surface of said supporting means is greater than 
the width of said second key portions of said ring. 

6. The fluid displacement apparatus of one of claims 1 
40 to 5, wherein the inner distance between said sec- 
ond key portions is substantially equal to the inner 
distance between said second grooves of said end 
surface of said supporting means, and the inner 
distance between said first key portions is substan- 

45 tially equal to the inner distance between said first 
grooves of said circular end plate. 

7. The fluid displacement apparatus of one of claims 1 
to 6, wherein said supporting means comprises an 

so annular ring member secured to said housing by a 
plurality of bolts. 
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FIG. 6 
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